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by Helen L. Foster and Sandra H. B. Clark 

Introduction

Analytical data for 450 stream-sediment samples and 199 rock samples 
from the Fortymile area, Eagle quadrangle, east-central Alaska are 
presented in this report together with a statistical treatment of the 
data. Most of the samples were collected in 1968 as part of the Heavy 
Metals Program of the U.S. Geological Survey. A few samples are included 
which were collected in 1967.

The most comprehensive discussion of the geology of the Fortymile 
area is a report by J. B. Mertie, Jr. (1937). Few geologic reports or 
maps have been recently published on this area, but several are in 
preparation and mapping by the U.S. Geological Survey is continuing. An 
open-file map (Foster and Keith, 1968) of the Eagle B-l and C-l 
quadrangles includes a small part of the area of this report. Several 
reports giving results of geochemical reconnaissance done under the 
auspices of the Division of Mines and Minerals, State of Alaska (Saunders, 
1966, 1967; Smith, 1968; and Burand, 1968) can be used to supplement the 
data presented here.

Procedures and treatment of data

Standard procedures were followed in the collection and preparation 
of the stream-sediment samples. The samples were generally collected from 
the active stream channel; where this was not possible, the samples were 
collected from stream deposits adjacent to the active channel. The samples 
were dried, sieved, and the minus 80 mesh fractions were analyzed for 30 
elements by the six-step semiquantitative spectrographic method and for 
gold by the atomic absorption method. ' The spectrographic analyses were 
reported in percentage (pet) or parts per million (ppm) to the nearest 
number in the series 1.0, 0.7, 0.5, 0.3, 0.2, 0.15, 0.1, etc. The 
precision of a reported value is approximately plus 100 percent or minus 
50 percent. Minimum limits of determination for each element are given 
on page 3. Semiquantitative spectrographic analyses were done by K. J. 
Curry, Elizabeth Martinez, R. T. Hopkins, and J. C. Hamilton; atomic 
absorption analyses were done by R. L. Miller, A. L. Meier, W. R. Vaughn, 
M. S. Rickard, W. L. Campbell, T. A. Roemer, and R. B. Tripp.

  Analyses for 28 elements by semiquantitative analyses and for gold by 
atomic absorption are given in the tables. Semiquantitative analyses for 
cadmium and gold are omitted.



Location of the stream-sediment samples is shown on figure 1 and 
location of the rock samples is shown on figure 2.

The results of the analyses of the stream-sediment and rock samples 
have been processed by means of a computer program known as GEOSUM and 
are presented in tables 1 and 2. The GEOSUM program is designed primarily 
for summarizing and tabulating geochemical data especially data from 
semiquantitative spectrographic analyses (commonly referred to as six-step 
spectrographic analyses) by the laboratories of the U.S. Geological 
Survey. The computer output consists of: (a) a listing of the analytical 
data, (b) histograms and cumulative frequency distributions for all 
elements on which there is sufficient datal^ (c) and a statistical summary 
which includes geometric means and geometric deviations.

Results

Examination of the histograms of the various elements for the 
stream-sediment samples indicates that most of the elements for which 
sufficient data is available have a roughly log-normal distribution. 
Lead, calcium, and strontium are examples of this type of distribution. A 
few elements such as barium, boron, chromium, and copper have a bi-modal 
type of distribution.

On the basis of these histograms, anomalous values for several 
elements of possible economic interest are suggested: copper (Cu) 100 or 
more ppm; lead (Pb) 50 or more ppm; nickel (Ni) 100 or more ppm; chromium 
(Cr) 200 or more ppm; molybdenum (Mo) 5 or more ppm; and any reported value 
for gold, silver, zinc, arsenic, tin, and bismuth is considered significant. 
The selection of these concentrations as anomalous values is subjective and 
interpretive and for application to any given part of the Fortymile area 
must be considered with regard to the local geology. It must be emphasized 
that the sampling was of a reconnaissance nature and the geology of the 
area is extremely varied. For some areas the background for one or more of 
these metals may be considerably higher than in other areas. These values 
can only serve as general guides until enough information becomes available 
to establish local normal background limits which take into account the 
local geology.

The rock samples which were analyzed were of many different kinds and 
included mineralized specimens such as those high in visible sulfides, vein 
quartz without visible mineralization, rock from sheared and altered zones,

  The frequency tables and histograms for gold have been omitted because 
the classes used in calculating these tables are those used in the 
semiquantitative spectrographic method and the gold was analyzed by the 
quantitative atomic absorption method; also gold was found in only 11 of 448 
stream-sediment samples (2 percent). Statistical summaries for antimony and 
tin are omitted because no values were reported for these elements in the 
stream-sediment samples and in only a few for rock samples. Statistical 
summaries for arsenic and tungsten are also omitted because there were too 
few values and bismuth is omitted for stream-sediment samples because there 
were no values.



and specimens of representative rock types (to help determine background 
values). Because of the wide variety of geologic situations from which 
these rocks came, it is not practicable to set overall upper limits for 
background values. Also, for the same reasons most of the histograms and 
other statistical data should be interpreted with caution.

Anomalous areas

The stream-sediment sampling along with rock samples indicated 
several areas with possible anomalous concentrations of metals, but no 
strongly anomalous areas were found. The areas with possible anomalous 
concentrations of metals are discussed in some detail by Foster and Clark 
(1969). Two of the most interesting areas are the Champion Creek area 
where there are indications of lead-zinc veins, and the Alder Creek area 
where silver is detected in 2/3 of the stream-sediment samples but in 
concentrations below 0.5 ppm. The North Fork and the North Peak areas 
have unexplained concentrations of several metals and the Hutchinson Creek 
and Gold Run areas have anomalous values which may be related to Tertiary 
mineralization. The Joseph area has low concentrations of gold in a 
number of samples. The stream sediments of the Ketchumstuk and Gold 
Creeks area, and of the My and Our Creeks area have few anomalous values 
although some individual samples may suggest places for further sampling. 
Chromium and nickel concentrations probably indicate the occurrence of 
ultramafic bodies and may be useful in prospecting for asbestos (Foster, 
1969).

Explanation of Table 1 and 2

The results of the analyses of the stream-sediment and rock samples 
are given in Table 1 and Table 2 as analytical values such as 7.0000 ppm, 
10.0000 percent, etc., or as qualified values expressed as a letter. These 
letter codes are N = not detected, L = less than specified limit of 
detection, G = greater than value shown, B = no data, H = interference, or 
T = trace. Note that the right-most zero digits for each analytical value 
may or may not be significant. The specified limits of detection are as 
follows:

FE PCT 
(Iron)

Specified limits of detection

MG PCT CA PCT TI PCT MN PPM 
(Magnesium) (Calcium) (Titanium) (Manganese)

0.05000 0.02000 0.05000 0.00100 10.00000

AG PPM 
(Silver)

0.50000

AS PPM AU PPM B PPM BA PPM BE PPM BI PPM 
(Arsenic) (Gold) (Boron) (Barium) (Beryllium) (Bismuth)

200.00000 0.02000 5.00000 5.00000 1.00000 10.00000

CO PPM CR PPM CU PPM LA PPM MO PPM NB PPM 
(Cobalt) (Chromium) (Copper) (Lanthanum) (Molybdenum) (Niobium)

3.00000 5.00000 5.00000 20.00000 3.00000 10.00000



Specified limits of detection (Continued)

NI PPM 
(Nickel)

2.00000

PB PPM 
(Lead)

10.00000

SB PPM SC PPM SN PPM 
(Antimony) (Scandium) (Tin)

100.00000 5.00000 10.00000

SR PPM 
(Strontium)

100.00000

V PPM 
(Vanadium)

W PPM 
(Tungsten)

10.00000 50.00000

Y PPM 
(Yttrium)

5.00000

ZN PPM 
(Zinc)

200.00000

ZR PPM 
(Zirconium)

10.00000

As has been mentioned, semiquantitative spectrographic analyses by 
the U.S. Geological Survey are reported as geometric midpoints (1.0, 0.7, 
0.5, 0.3, 0.2, 0.15, 0.1, etc.) of geometric brackets having the boundaries 
1.2, 0.83, 0.56, 0.38, 0.26, 0.18, 0.12, 0.083, etc. The frequency 
distributions and histograms are on logarithmic scales and are computed 
using these brackets as class intervals, for example:

Limits

.83
1.2
1.8
2.6
3.8
5.6
8.3

1.2
1.8
2.6
3.8
5.6
8.3

12.0

Reported value (ppm)

1.0 
1.5 
2.0 
3.0 
5.0 
7.0 

10.0

The statistics given below the histograms are derived only from data 
values within the ranges of analytical determination (analytical values), 
and are, therefore, biased if data values qualified with N, L, G, T, or H 
codes are present. Statistical estimates that are unbiased in this regard 
are given at the end of Table 1. The geometric mean is the antilogarithim 
of the arithmetic mean of the logs of the analyses and an estimate of 
"central tendency," or a characteristic value, of a frequency distribution 
that is approximately symmetrical on a log scale, and is therefore useful 
for characterizing many geochemical distributions. The geometric mean is 
not an estimate of geochemical abundance and is of no value in estimating 
reserves or total amounts of elements present. The geometric deviation is 
the antilogarithim of the standard deviation of the logs of the analyses. 
See USGS Professional Paper 574-B (Miesch, 1967) for further discussion 
and USGS Bulletin 1147E, p. 20-23 (Miesch, 1963), for further discussion 
and explanation of geometric mean and deviation.

In the computations performed to produce the statistical summary at 
the end of Table 1, all elements are ignored where one or more of the 
unqualified data values is less than the analytical limit of detection 
specified on input or where any data values are qualified with the G 
(greater than) code. Data values qualified with B or H are not used in



the computations. Where none of the data values for an element are 
qualified the mean and deviation should be the same as those given in the 
preceding section. Where data are qualified with the codes N, L, or T, 
the estimates of geometric mean and deviation are based on a method by 
A. J. Cohen for treating censored distributions. The application of this 
method to geochemical problems is described in USGS Professional Paper 
574-B (Miesch, 1967). The estimates are unbiased in a strict sense only 
where the data are derived from a lognormal parent population, but 
experiments have shown that large departures from this requirement may 
not greatly invalidate the results. Acceptance and use of the estimates, 
however, is the responsibility of the individual.

On Table 2 (rock samples) the kind of rock in the sample is indicated 
by a code consisting of one or two letters or a number in two columns to 
the left of the sample numbers. The explanation of the code follows:

Left-hand column

A Granitic rock
B Felsite or fine-grained felsic rock
C Diorite or quartz diorite
D Intermediate fine-grained igneous

	rock
E Mafic rock
F Ultramafic rock
G Argillite
H Phyllite
I Schist
J Gneiss
K Amphibolite
L Greenschist
M Greenstone
N Quartzite
0 Marble
P Hornfels
Q Chert
R Clay
S Siltstone
T Sandstone

U Conglomerate
V Coal
W Quartz vein
X Carbonate vein
Y Quartz-carbonate rock
Z Gossan

1 Gouge
2 Stibnite
3 Galena

Right-hand column

A Pegmatite, alaskite
B Quartz monzonite or granodiorite
C Andesite
D Gabbro

E Basalt
F Porphyritic
G Chlorite
H Mica
I Biotite
J Sericite- or muscovite-quartz
K Graphite
L Metamorphosed
M Metamorphosed igneous rock
N Altered
0 Serpentinized
P Silicified
Q Limonite-stained
R Copper-oxide stained
S Visible sulfides
T Calcareous or containing

	carbonate veinlets 
U Brecciated and(or) sheared 
V Vein

X Dike
Y Quartz
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